Summary. Oxytocin was measured in incubates and perifusates of neurosecretosomes prepared from sow neural lobes (n = 50) and in incubates of isolated neural lobes (n = 5). In none of these preparations was oxytocin output affected by exposure to purified porcine relaxin (at concentrations up to 10\m=-\7mol l \m=-\1). Moreover, in lactating sows (n = 9), 6\p=n-\10days post partum, the administration of porcine relaxin 1\m=.\5 or 3\ m=. \ 0mg) intravenously, immediately before a suckling episode, did not affect the plasma oxytocin profile compared with saline treatments (within sow) nor did it alter suckling behaviour or the weight gain of the litter. In all sows, a spike (25\p=n-\75pg ml \ m=-\ 1) of oxytocin was measured during milk ejection coincident with suckling. These results suggest that porcine relaxin does not affect oxytocin release in suckling sows in contrast to reported findings in rats. The data also support the view that porcine relaxin could be used at farrowing without adverse effects on suckling.
Introduction
The demonstration that relaxin suppresses reflex milk ejection (Summerlee et al, 1984) and inhibits oxytocin release from the neural lobe in lactating rats (O'Byrne et al, 1986) has been confirmed in parturient rats (Jones & Summerlee, 1986a) . Relaxin has been shown to affect oxytocin release from the rat neural lobe in vitro . In heifers in late pregnancy it is claimed that administration of porcine relaxin stimulates oxytocin release (Musah et al, 1989) . There have been no reports in other species. A positive association between plasma titres of relaxin, measured during the interval between the pre par turn surge of relaxin concentrations and the onset of parturition, and the duration of farrowing (Wathes et al, 1989) is consistent with the idea that relaxin may inhibit oxytocin release in sows. There are economic and animal welfare reasons for enquiring whether relaxin affects oxytocin output in species other than rats. In sows, the administration of relaxin could be used therapeutically to decrease the number of stillbirths, as the hormone has been shown to be essential for live delivery of the fetuses (Nara et al, 1982) and may improve myometrial coordination (Downing et al, 1980) . However, if it interferes with oxytocin release its administration to parturient sows could be contraindicated because of effects on milk ejection.
We attempted to answer this question using in vitro methods but our failure to affect oxytocin release from neural lobes in vitro lead us to question whether our results were in vitro artefacts. We therefore studied the effects of administration of porcine relaxin in vivo on the oxytocin release that accompanies milk ejection in lactating sows. lobe, which had the pars intermedia and pars tuberalis attached, was dissected free from the anterior lobe. The former was then impaled on a silver wire stimulating electrode and immersed in normal Lockes' solution (NLS). After soaking the lobe for 40 min it was suspended in 0-5 ml of fresh NLS and electrically stimulated as previously described (O'Byrne et ai, 1986) Hormone treatment. Sows were injected with 10 ml saline (0-9% sodium chloride) within 5-10 min of the expected onset of the first experimental suckling on day 1 and day 3 of the experiment. On day 2. sows were injected, in a similar manner to that used on days 1 and 3, but with a 1-5 mg bolus of purified porcine relaxin dissolved in 1 ml saline which was flushed through the cannula with 10 ml saline. One sow (no. 41) was given a 3 mg bolus of porcine relaxin. The doses of relaxin chosen were those calculated to give concentrations of 60-120 ng ml " ' in peripheral blood which is equivalent to the peak values expected in the periparturient sow (Sherwood et ai, 1975 (Sherwood et ai, , 1981 Sherwood, 1981 (Taverne et ai, 1982) . The antiserum (JJAB5, 1:6000 dilution) raised in rabbits by us, crossreacted 100% with CMa' relaxin (18-28 AAE-CMa' kindly donated by B. G. Steinetz), <0 2% with porcine prolactin and <001% porcine insulin (Sigma Chemicals, St Louis, USA). Sensitivity of the assay was between 3-5 and 33 pg per tube (mean = 11-7 pg per tube) and the intra-and interassay variations were 11% and 18%, respectively (n > 10).
Oxytocin radioimmunoassay. Plasma was extracted for determination of oxytocin concentration using a modified version of the method of Wathes et ai (1986) . The modifications are as follows, plasma (2-5 ml) was applied to a preconditioned Sep-Pak C18 cartridge (Waters Chromatography Division, Milford, USA) which was then washed with 15 ml of 01% trifluoracetic acid (TFA, Fisher Scientific Corp.) in water and the peptide eluted with 4 ml of 80% acetonitrile (Certified ACS, Fischer Scientific Corp.). Plasma samples were passed through the cartridge a second time before washing and elution, and each cartridge was used twice. The mean extraction efficiency was 68-2% (range 53-89%). Excess acetonitrile was blown off under a steady stream of air and the remaining aqueous phase was frozen at -70°C and lyophilized overnight. Extracts were suspended in 1 ml of 01 mol Tris buffer l"1 with BSA and 50 µ aliquots were taken, in triplicate, and assayed using a previously reported method (Wathes et ai, 1983) . Perfusate and incubation samples were assayed directly without extraction. The crossreactivity of the antiserum used (85/2F), 1 : 11 000 dilution (a gift from B. Pickering, University of Bristol, UK) with peptide hormones was as follows: mesotocin (12-5%), lysine vasopressin (003%) and other related peptides (<0001%). Sensitivity of the assay was between 5 and 30 pg per tube (mean = 7-6 pg per tube). The intra-and interassay coefficients of variation were 7-5% and 14-1%, respectively. The oxytocin standard (4th International Standard for oxytocin 76/575) used was obtained from the National Institute for Biological Standards and Control, London, UK (a WHO International Laboratory for Biological Standards).
Results

In vitro studies
Electron microscope examination of the neurosecretosome pellets showed that they contained a variety of cell fragments of which about 20% contained numbers of neurosecretory granules similar in size to those of rat neurosecretory granules (Morris, 1976) , consisting of a central electron-dense material surrounded by a thin zone of lower electron density as described by Toescu & Morris ( 1990 (a) ).
sow would make her nipples available to the litter after initiating the suckling session by a series of grunts which alerted the piglets. The mean number of piglets suckled was 9 + 0-47 per sow. All litters showed normal weight gain patterns throughout the course of the experiment (Table 1) . 2-77 ± 0-25 2-98 ± 0-23 300 + 0-24 3-22 ± 018 3-23 ± 0-18 3-44 ± 019 3-47 ± 019 *Piglets were first weighed on the day the ear cannula was implanted.
Values are means + SEM.
After saline injection via the indwelling ear vein catheter the sows exhibited a spike in plasma oxytocin concentration of between 25 and 75 pg ml" " coinciding with the onset of milk ejection to the piglets (Figs 2a, b and 3a, b) . The plasma titres fell rapidly after the peak to less than 10 pg ml" ' by 20 min after the onset of suckling.
On day 2, when the same sows were given injections of porcine relaxin of 1-5 or 30 mg i.V., suckling behaviour was normal and spikes of oxytocin were measured in the plasma which were of comparable titres to those measured during the control experiments. This was so even with the 3 mg dose of porcine relaxin which would have raised plasma porcine relaxin titres to approximately 120 ng ml" ' contemporaneously with the milk ejections. No delayed effect of the porcine relaxin treatment was observed in the sows when saline injec¬ tions were given and plasma oxytocin titres measured on day 3. Oxytocin spikes were comparable to those recorded on days 1 and 2 (Figs 2 and 3) . Relaxin titres in all the sows on day 3 were below 0-5 ng ml"1, notwithstanding the possibility of some residual contamination from the cannula. Contamination or noise in the assay as values approached the limits of its sensitivity may have accounted for the apparently wide fluctuations of porcine relaxin values on day 3.
We could not measure porcine relaxin in the samples taken from sows on day 1 at any time during the suckling periods.
Discussion
This study has failed to reveal any significant effect of treatment with homologous porcine relaxin on the output of oxytocin from the neural lobes of nonpregnant cycling sows in vitro or from lactating sows in vivo, even when neural lobe preparations were exposed in vitro to concentrations of porcine relaxin up to 10~7 mol l"1 and administering up to 30 mg of porcine relaxin to sows in vivo which was expected to raise plasma titres in vivo probably to as much as 120ng ml-1. The study of neural tissue in vitro failed to demonstrate any effect of porcine relaxin on basal or stimu¬ lated output of oxytocin. The experiments using potassium depolarization could have applied a supramaximal stimulus (125 mmol K+ l"1) which would have over-ridden any effect of porcine relaxin but they were similar to that (100 mmol K+ Ì'1) used by Dayanithi et al. (1987) . Morover, the lack of effect was consistent in the electrically stimulated intact lobe, but again that might have represented supramaximal stimulus. The lack of effect of porcine relaxin on oxytocin output was consistent with the failure of porcine relaxin treatment to alter suckling behaviour in any way or to affect weight gain adversely in the litters. The oxytocin spikes recorded during suckling episodes were consistent with those reported by Ellendorf et al. (1982) and Uvnas-Moberg et al. (1985) but were slightly higher than that reported by Okrasa et al. (1989) which may reflect differences in the frequency of blood sampling at the time of suckling. Afele et al. (1979) reported that plasma relaxin concentrations increase on suckling in the sow and Whitely et al (1985) claimed that the concentrations can be related to the level of suckling activity shown by the piglets. In the present study we could not detect any increase in porcine relaxin titres in plasma collected coincident with suckling and the plasma oxytocin spike of reflex milk ejection (Ellendorf et al, 1982) . When porcine relaxin was detected the concentrations were low (< 120pg ml"1) and in most cases below the sensitivity of the assay which contrasts with the peak plasma relaxin values (4-16 ng ml"!) reported by Afele et al (1979) and Whitely et al (1985) .
Our results are consistent with those of two other laboratories Kendall et al, 1983 ) that also failed to detect any increase in relaxin titres during suckling episodes. It is difficult to explain the differences between these studies especially as there is a problem in account¬ ing for the rapid falls in relaxin concentrations that followed the peaks reported by Afele et al. (1979) and Whitely et al. (1985) given our knowledge of clearance rates for relaxin (Sherwood & Downing, 1983 These results are in sharp contrast to our findings in the rat (Summerlee et al., 1984) where injections of porcine relaxin into the anaesthetized suckling rat interrupted milk ejections in a dosedependent manner. The reason for this difference is unknown. Recently, there have been claims that relaxin can be identified immunohistochemically in the neurohypophysis of pigs (Bagnell, 1990) . We have been able to detect porcine relaxin in effluent from stimulated porcine neural lobes in vitro (Ryan et al, 1991) which is consistent with such a finding. The physiological significance of these obser¬ vations is unclear and whether an ability of the neural lobe of the hypothalamus to secrete relaxin might render it unresponsive to circulating relaxin can be answered only by further studies.
The explanation for the finding (Wathes et al, 1989 ) that the duration of farrowing is positively related to the post-spike plasma porcine relaxin concentrations would thus seem to lie in mechan¬ isms other than an inhibition of oxytocin secretion. Relaxin inhibits myometrial contractions in sows (Watts et al, 1988) and high titres in the immediate pre-farrowing period might be sufficient to slow the progress of delivery. This would differ from the rat because, although continuous infusions of porcine relaxin prolonged pregnancy in rats, deliveries that occurred after infusions were stopped were accomplished significantly faster than normal (Jones & Summerlee, 1986b) .
From the results of our study we suggest that circulating relaxin does not affect oxytocin release in sows and that the hormone could be used at farrowing without deleterious effects on suckling. However, we do not know for certain whether the neural lobe of the parturient sow behaves differently from that of the lactating and cyclic animal.
